The genome of Thogoto (THO) virus, an unclassified tick-borne virus, comprises six segments of single-stranded RNA. The complete sequence of the third largest RNA segment has been determined from overlapping cDNA clones and by primer extension studies, Segment 3 RNA consists of 1865 nucleotides (approx. 6.2 x l0 s Mr). It has a large open reading frame (ORF1 ; 597 amino acids, 68.6K) in its virus-complementary sequence, confirming that the RNA has a negative-sense coding strategy. A transcription termination (polyadenylation) site located after the end of ORF1 has been identified. A second ORF (ORF2; 98 amino acids in length), overlapping ORF1, is also present in the virus-complementary sequence although whether it is translated is not known. The 3' and 5' sequences of the segment 3 RNA are complementary and similar to those of the tick-borne Dhori (DHO) and the mammalian and avian influenza viruses. Protein database searches have identified regions of homology between the sequence of the THO ORF 1 gene product and regions of the PA protein of influenza virus strain A/NT/60/68 (approx. 20% aligned homology) and the corresponding protein of influenza B/Sing/222/79 virus (approx. 15% aligned homology). Although the THO protein sequence is not as closely related to those of the influenza viruses as they are to each other (40% aligned homology), the indicated sequence data provide further evidence of relationships between the tick-borne THO and DHO viruses and the vertebrate orthomyxoviruses.
Thogoto (THO) and Dhori (DHO) are unclassified tick-borne viruses that exhibit some morphological, genetic and compositional features similar to those of the recognized members of the Orthomyxoviridae (Clerx et al., 1983) . Both THO and DHO viruses have been repeatedly isolated from ticks and various vertebrate species (Karabatsos, 1985) . Transmission studies with THO virus using laboratory animals and Rhipicephalus appendiculatus ticks have demonstrated that the virus replicates in both ticks and vertebrates, can be transmitted from ticks to vertebrates, and can be acquired by ticks from infected vertebrates (Davies et al., 1986) .
The pleomorphic, but generally spherical (approx. 100 nm diam.) THO and DHO viruses have a lipid envelope that is acquired during the processes of virus morphogenesis from the cell plasma membrane (Clerx et al., 1983) . The virions possess a segmented genome of singlestranded, negative-sense RNA (Mr range 3 x 105 to 7 x 105). Although seven RNA species were identified in the analyses reported by Clerx and associates (1983) , these initial and subsequent studies have established that virus preparations are often contaminated with 18S ribosomal RNA (migrating after the third largest RNA segment). Highly purified THO virions have only six major RNA species (see Fig. 1 ). The influenza viruses have genomes consisting of eight (influenza A and B) or seven (influenza C) RNA species (Matthews, 1982) . The RNAs and proteins of THO and DHO viruses are broadly comparable to each other in terms of sizes and The genomic RNA was transferred to a nylon filter and probed with a nick-translated eDNA specific for segment 3.
virion location and to those of the influenza viruses, although the THO and DHO viral proteins exhibit no antigenic relationship to each other, nor to the proteins of the recognized members of the Orthomyxoviridae (Clerx et aL, 1983) . Protein analyses of DHO virus (Clerx et al., 1983) have established that the viruses have a single 65K glycoprotein embedded in the viral envelope, an internal 28K membrane protein and a major 54K nucleocapsid protein associated with the viral RNA species. In addition there are minor quantities of two or three other proteins (70K to 90K in size, i.e. similar to those of the influenza virus P proteins). No viral haemagglutination activity has been demonstrated for THO or DHO viruses of the magnitude typical of the influenza viruses (e.g. using chick erythrocytes; Clerx et al., 1983) , indicating that as far as the viral glycoproteins are concerned they have different properties by comparison to those of influenza virus. RNA analyses have established that THO and DHO viruses have 3' end sequences similar to the RNAs of members of the Orthomyxoviridae (Clerx et al., 1983) . Sequence analyses of cDNA clones representing segment 5 RNA of DHO virus have confirmed these observations and established that it codes for a 54K nucleoprotein and that the protein has some sequence similarity to the influenza A viral nucleocapsid protein (Fuller et al., 1987) .
DNA cloning analyses of THO viral RNA species have been undertaken. The SiAr 126 isolate of THO virus (Albanese et al., 1972) was grown and purified as described previously (Clerx et al., 1983) . RNA was extracted and resolved by electrophoresis (Fig. 1 ) in 1-6% agarose gels containing 10 mM-methylmercuric hydroxide (Bailey & Davidson, 1976) . Using a DHOspecific oligonucleotide primer (Clerx et al., 1983;  i.e. 5' A G C A A T A A C A A G C A G T 3'), the THO viral RNA was transcribed into eDNA with reverse transcriptase, the RNA/cDNA hybrids were tailed with dCTP using terminal transferase and annealed to PstI-cut, dG-tailed pBR322 (Maniatis et al., 1982) . Among the clones obtained, THO recombinants were identified by Northern blot analyses using gel-resolved viral RNA species (see Fig.. 1) . Analyses of the H i n f l restriction patterns of hybridization-positive clones identified four overlapping recombinants representing THO RNA segment 3. They were selected for further study. The sequences of the clones were derived from analyses of both D N A strands of each clone using the Maxam & Gilbert (1980) sequencing procedure and appropriate end-labelled restriction fragments. The complete sequence of the THO segment 3 RNA was obtained from these data as well as from primer extension studies. To confirm the 5'-terminal nucleotides of the viral sequence a 5' end-labelled, virus-complementary oligonucleotide (5' G A C C A G A A G A -C A A A G T T A G C T T A T T 3'; see Fig. 2 , corresponding to residues 1762 to 1786) was extended (Fig. 2, complementary to residues 80 to 103) . The results of analysis of the major, approx. 100 nucleotide-long, labelled product gave a sequence that confirmed the cDNA clone analyses, except for the region corresponding to the DHO primer used for cDNA cloning. The deduced 3' end sequence differed slightly from that of the primer, i.e. 3" T(presumably)CGTTTTTGTTCGTGA ... (the residues complementary to nucleotides 1 to 16 in Fig. 2 ). By comparison with the DHO primer there were nucleotide differences at positions 6 and 15 (see above). Residue 6 has been shown to be variable among the DHO RNA 3' end sequences (Clerx et al., 1983) . No product larger than the 103 nucleotide-long band was demonstrated even when oligo(dT)-selected mRNA was used as a template in the reaction. Further studies are under way to investigate whether THO virus exhibits a cap-stealing property for mRNA synthesis typical of members of the Orthomyxoviridae (Krug, 1983 ) and members of the Bunyaviridae . The complete sequence deduced for THO virus segment 3 (shown in its virus-complementary cDNA form) is given in Fig. 2 together with the indicated open reading frames (ORF1, ORF2) . The data show that the segment 3 RNA is 1865 nucleotides long and has a high uridine content (31.9 ~). No ORFs of significant size are present in the virus-sense sequence. The longest ORF (ORF 1) begins with a methionine at complementary nucleotide residues 21 to 23 and terminates with a UAA codon at residues 1812 to 1814 (Fig. 2) . A second ORF of 294 nucleotides is present from nucleotide 337 to residue 631 in a -1 nucleotide reading frame relative to ORF1. The 3' virus-complementary non-coding sequence (after the UAA codon of ORF 1) is 51 nucleotides in length. From the data, it was concluded that, as in the orthomyxoviruses (Desselberger et al., 1980) , the 3" and 5' ends of THO segment 3 RNA show partial and inverted complementarity for some 18 nucleotides except for residues 3, 4, 8 and 12 (from the respective termini, see Fig. 2 ) and that the end sequences were similar to those of DHO virus (Clerx et al., 1983 ; Fuller et al., 1987) .
A stretch of six uridylate residues was identified in the sequence following ORF1 (six A nucleotides in the complementary sequence shown in Fig. 2; i.e. residues 1844 to 1849). In order to determine whether this was the site of mRNA polyadenylation, THO mRNA was selected by oligo(dT)-cellulose chromatography and employed for cDNA cloning together with oligo(dT)l 8, and reverse transcriptase using the 2gtl0 cloning protocol (Huynh et al., 1985) and the kit supplied by Amersham. Recombinant phages that hybridized to THO segment 3 DNA probes were analysed for sequences corresponding to the 3' termini of the mRNA. Each of the recombinant clones analysed had a poly(A) sequence that was some 20 to 40 residues in length and which began at the first A of the oligo(A) tract shown in Fig. 2 (i.e. residue 1844) . The poly(A) tract was preceded by the sequence 3' GAACGTTATGGGGAG... 5' (etc.) (see Fig.  2 ). Based on these data it was concluded that, as for orthomyxoviruses (Robertson et al., 1981) , the THO oligo(U) sequence following ORF 1 (residues 1844 to 1849) in the viral RNA served as a template for mRNA polyadenylation.
The predicted gene product of ORFI is a protein of some 597 amino acids (68.6K) with a net negative charge of -2.5 at pH 7-0, assuming that lysine (K) and arginine (R) contribute charges of + 1, histidine (H) + 0.5, and aspartic (D) and glutamic acid (E) residues a charge of -1 each. When protein databases were searched for homologies to the deduced gene product of ORF1 using the FASTP program (Lipman & Pearson, 1985) , the best optimized score of 77 was obtained with the PA proteins of both influenza A/PR/8/34 and A/NT/60/68 viruses (Bishop et al., 1982) . These proteins (about 83K) are encoded by influenza A virus segment 3 RNA and have net charges at pH 7.0 of -16 and -12.5, respectively. The best-fit aligned sequences of the THO segment 30RF 1 with the PA protein of A/NT/60/68 and the similar protein of influenza B/Sing/222/79 virus (Akoto-Amanfu et al., 1987) are shown in Fig. 3 . On the basis of these alignments some 20 ~ of the THO protein amino acids are similar in type and position to those of the influenza A virus strain, and 15~ are similar to those of the influenza B virus protein. These comparisons take no account of aligned amino acids of similar kind (e.g. R and K, D and E, or hydrophobic amino acid types L, I, V, etc.). Amino acid sequence comparisons of the THO ORF1 sequence with the PA proteins of influenza A and B viruses were made using the ALIGN computer program, with a mutation data-scoring matrix, matrix bias of 6, gap penalty of 10, and 100 random runs. This program determines the probability that similar sequences occurred by chance; the score is expressed as the number of standard deviation units by which the maximum score for the real sequences exceeds the average maximum score for 100 random permutations. An alignment score greater than 5 (probability of similarity occurring by chance /> 3 × 10 -7) implies an evolutionary relationship between proteins (Dayhoff et al., 1983) . Pairwise comparisons of THO ORF1 with the PA protein sequences of influenza A and B viruses gave alignment scores of 8 and 6, respectively (probability of similarity occurring by chance >~6 x 10 -L6 and 1 x 10 -9, respectively). By contrast, comparison of the THO ORF1 sequence with the PB1 protein sequence of influenza A virus gave an alignment score of -0.9 (probability of similarity occurring by chance < 0-15). Based on these similarities and the lack of other protein types that were identified in the protein database searches, it was concluded that there is a relationship between the THO segment 3 gene product and the PA protein types of the two influenza virus species. This may represent an evolutionary (divergent) relationship due to conserved common structures and functions, or may reflect convergent evolution. The ORF2 product predicts a 98 amino acid, 11K polypeptide sequence. Whether it is in fact translated, either from a distinct mRNA species (e.g. a spliced mRNA) or from a primary transcription product, is not known. Splicing of THO segment 3 mRNA between the putative donor splice site at nucleotides 309 to 317 (AAGGUACUU) and acceptor site at nucleotides 450 to 461 (UUUUUGUGCAGG) (Mount, 1982) would juxtapose nucleotides 311 and 461, resulting in a -1 frameshift and allowing the remainder of ORF2 (nucleotides 461 to 631) to be translated. Preliminary hybridization studies have failed to identify a virus-complementary RNA distinct from full-length species (virus-complementary replicative intermediate, or mRNA species). Removal of short introns preceding ORF2 may not allow a derived mRNA species to be identified; however, backcopy and in vitro translation analyses have also not yielded supportive data for a distinct mRNA. Further analyses are in progress to investigate whether there is an ORF2 gene product.
In summary, analyses of THO segment 3 RNA have shown that it codes for a major 68.6K gene product that exhibits some sequence similarity to the segment 3 gene products of the influenza A and B viruses. Whether the 68-6K protein is a transcriptase/replicase component of THO virus is not known. The data support, but do not prove, an evolutionary relationship between these very different viruses.
